Abstract-There are many kinds of optimization techniques Therefore, we have developed a Spice-oriented algorithm for designing high-performance RF circuits. In this paper, we based on the HB method using Analog Behavior Models propose a new frequency-domain Spice-oriented optimization (ABMs), where all the nonlinear devices are replaced by algorithm using the steepest descent method. We have developed ' a simulator executing the frequency-domain analysis based on corresponding HB models, and linear inductors and capacitors the harmonic balance (HB) method, where all the nonlinear are transformed into the corresponding HB elements coupled devices such bipolar transistors and MOSFETs are replaced with the controlled sources [11]. Once these device modules by the equivalent HB modules. The objective functions in the such as bipolar transistors and MOSFETs are stored in our optimization are estimated by the DC analysis of the modified computer library, a given circuit is easily transformed into HB circuits.
I. INTRODUCTION Now, let us discuss our optimization algorithm in the frequency-domain. First, we define the objective function as There have been proposed many kinds of optimization follow, algorithms for designing analog integrated circuits [1] [2] [3] [4] [5] . Es-1(x, y), x c y Rm,
pecially, the frequency-domain optimization method is very important for designing the high performance RF circuits and where the communication systems. Our algorithm is combined with x:circuit variables such as voltages and currents, frequency-domain harmonic balance (HB) method for solving y:parameters (ex., L, R, C, voltage and current sources). nonlinear circuit and the optimization technique based on the steepest descent method. We want to minimize or maximize the function (1) by
The Volterra series methods [6] [7] [8] are widely used for the adjusting y, where x are obtained from the HB circuit analysis of nonlinear circuits in the frequency domain, which 1 . Although there are many optimization techniques [1-can be also easily applied to design the circuits [3, [5] [6] , 5], we use a well-known steepest descent algorithm using because they can get the solutions in the analytical forms. Spice. Although the descent direction is generally decided Although the algorithms are based on the elegant bilinear by the sensitivity analysis [2] , we find it with the numerical theory, it is not so easy to derive the higher order Volterra ker-differentiation techniques because our modified HB circuit nels. Furthermore, the applications are difficult for large scale has very complicated structures. Then, our Spice-oriented systems containing many nonlinear elements [6] [7] . Remark optimization algorithm is realized by the equivalent circuit, that the methods can be only applied to the weakly nonlinear and the optimum point can be found by the equilibrium point circuits such that the nonlinear devices are modeled by power in the transient analysis. From our many simulation results, we series. The convergences to the strong nonlinearities are not could find out the optimum point stably when it has unique guaranteed.
point.
The HB method is also widely used for solving nonlinear
We show our optimization algorithm and the equivalent circuits [10] [11] [12] [13] in the frequency domain. It has such a property circuit model in section III, and interesting examples in section that it can be stably applied even to the strong nonlinear IV, respectively.
circuts haing bpolartransstorsand/o MOSFTs. O the Note that the problem of maximization is reduced to the minimization other hand, they need many troublesome tasks for getting the when we change the sign of 1 in (1). Hence, we will only discuss here the circuit equations and the applications of HB method.
problem of minimization. piecewise continuous functions and so on [14] . The Fourier expansions in these devices cannot be described by analytical Thus, the nonlinear device models consisted of the nonlinear forms. On the other hand, these devices in our HB circuits resistors and capacitors are realized by the equivalent circuits are replaced by the equivalent circuit models using ABMs of with the voltage-controlled current sources given by (4) and Spice which execute the Fourier expansions. To understand (8). our ideas, we consider a two-terminal element described by B. Parasitic inductor i= f(v). (2) In the same way, we assume current-controlled inductor as Assume the input and output waveforms as follows; follows; XL = XL (iL).
M v(t) -VO + 5 (V2k-1 cos kwt + V2k sin kwt)
We assume the inductor current as follows;
where M denotes the higher harmonic component to be taken Then, we have account in the analysis. The output Fourier coefficients are M described as follows; A6) Note that the HB circuit consists of (2M+l)-subcircuits qc = qc (vc). higher harmonic components.
For future problem, we need to extend our algorithm to the problems with the multiple optimum points. 
